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engages the first input clutch alternately with the sun gear of
the first gear unit and the ring gear of the first gear unit. A
second coupler releasably engages the sun gear of the fourth
gear unit alternately with the sun gear of the second gear unit
and the carrier of the fourth gear unit. A third coupler
releasably engages a ground member alternately with the
ring gear of the fourth gear unit and the ring gear of the third
gear unit. A fourth coupler releasably engages a ground
member alternately with the sun gear of the second gear unit
and the carrier of the second gear unit. The first and second
input clutches and the four couplers are engaged 1n multiple
combinations to establish forward speed ratios and a reverse
speed ratio between the mput and output.

16 Claims, S Drawing Sheets
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PLANETARY GEARING FOR A DUAL
CLUTCH TRANSMISSION

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to automatic transmissions having
multiple mput clutches, but no torque converter for drive-
ably connecting an engine and the transmission. More
particularly, the mnvention pertains to such transmaissions in
which the kinematic arrangement 1includes epicyclic or plan-
ctary gearing rather than layshaft gearing.

2. Description of the Prior Art

Automatic transmissions for transmitting power between
an mput and an output, either over a continuously variable
range of speed ratios or in discrete step changes among
speed ratios, have associated with them several sources of
parasitic losses, which adversely aflect fuel economy. These
losses are associated with a torque converter, open Iriction
clutches and brakes, hydraulic pump, and gear meshes.

To improve fuel economy 1n a motor vehicle having an
automatic transmission, an automated dual clutch transmais-
sion can be used to eliminate or substantially reduce all of
these parasitic losses except gear mesh losses.

A dual clutch transmission consists essentially of two
transmission units. One of the transmission units produces
odd-numbered speed ratios; the other transmission unit
produces even-numbered speed ratios. While operating 1n an
odd numbered gear, synchronizers or couplers can be moved
to configure the transmission for the next even numbered
gear. A shift 1s then accomplished by releasing the clutch
associated with the odd numbered gear while applying the
clutch associated with the even numbered gear.

SUMMARY OF THE INVENTION

Most twin clutch transmissions use layshait gearing, but
a dual clutch transmission that uses planetary gearing 1is
desirable because most of the automatic transmission manu-
facturing infrastructure 1s suited to planetary gearing.

Since planetary gear trains are arranged on a single axis,
however, 1t 1s dificult to connect the transmission mput to
the rear gear units, and to connect the output of the front gear
units to the output at the rear of the transmission. The
transmission of this invention achieves this crossing of
power paths by using two sun gears for one of the planetary
gear units. The output of the front gear units, which produce
even numbered gear ratios, 1s routed between these sun gears
to the carrier and then to the output. The 1nput to the rear
gear units, which produce odd numbered gear ratios, crosses
this power path by going through one sun-pinion mesh and
then through a second pinion-sun mesh.

A dual clutch transmission according to this invention
offers significant fuel economy improvement over a tradi-
tional automatic transmission because 1t eliminates most of
the open clutch losses and all of the torque converter losses.
In addition, planetary gearing produces lower gear mesh loss
than does layshait gearing.

Gear ratio changes are accomplished through the use of
couplers, such as synchronizers or dog clutches, which
mutually driveably connect components operative 1n each
speed rati0. The couplers produce very little drag loss when
disengaged, and do not require a continuous supply of power
to stay engaged.

A multiple speed transmission according to this invention
having these advantages includes first and second input
clutches driveably connected to mput. A gear system
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includes four planetary gear units, each gear unit including
a sun gear, a ring gear, planet pinions meshing with the sun
gear and ring gear, and a carrier rotatably supporting the
planet pinions. A first coupler releasably engages the first
input clutch alternately with the sun gear of the first gear unit
and the ring gear of the first gear unit. A second coupler
releasably engages the sun gear of the fourth gear umit
alternately with the sun gear of the second gear unit and the
carrier of the fourth gear unit. A third coupler releasably
engages a ground member alternately with the ring gear of
the fourth gear unit and the rng gear of the third gear unait.
A fourth coupler releasably engages a ground member
alternately with the sun gear of the second gear unit and the
carrier ol the second gear unit. The first and second 1nput
clutches and the four couplers are engaged in multiple
combinations to establish forward speed ratios and a reverse
speed ratio between the mput and output.

Various objects and advantages of this invention will
become apparent to those skilled 1n the art from the follow-
ing detailed description of the preferred embodiment, when
read 1n light of the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a kinematic arrangement of a transmission
according to this mvention;

FIG. 2 1s a chart showing an example of beta ratios for the
gear units of the transmission of FIG. 1;

FIG. 3 1s a chart showing the torque ratios produced by the
transmission of FIG. 1 when using the beta ratios of FIG. 2;

FIG. 4 shows the torque path through the transmission of
FIG. 1 for first forward speed ratio;

FIG. 5 shows the torque path for the second forward speed
ratio;

FIG. 6 shows the torque path for the third forward speed
ratio;

FIG. 7 shows the torque path for the fourth forward speed
ratio;

FIG. 8 shows the torque path for the fifth forward speed
ratio;

FIG. 9 shows the torque path for the sixth forward speed
ratio; and

FIG. 10 shows the torque path for the reverse speed ratio.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

(Ll

Referring now to the drawings, there 1s illustrated in FIG.
1 the kinematic arrangement of transmission having an input
12 and an output 14. First, second, third and fourth planetary
gear units 16, 18, 20, 22 are driveably connected between
the mput and output and arranged on a common longitudinal
axis 23. The transmission 10 includes two selectively
engageable Iriction clutches 24 and 26, secured to the mput
12. Included also are four couplers 28, 32, 34 and 36,
preferably synchronizer clutches, each coupler producing a
releasable drive connection between a component on which
the coupler 1s supported, and alternate components that are
selectively engaged and released by the coupler. Each cou-
pler may produce a drive connection by engaging one of the
alternate components, and may produce no drive connection
by fully disengaging all components.

The first planetary gear unit 16 includes a sun gear 38,
ring gear 40, carrier 42, and planet pinions 44, which are
rotatably supported on the carrier 42 1n meshing engagement
with the sun gear 38 and ring gear 40.
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A second planetary gear unit 18 includes a sun gear 46,
ring gear 48, carrier 50, and planet pinions 52, which are
rotatably supported on the carrier 50 1n meshing engagement
with sun gear 46 and ring gear 48.

The fourth planetary gear unit 22 includes a sun gear 54,
ring gear 56, carrier 538 and planet pinions 60, which are
rotatably supported on carrier 38 1n meshing engagement
with the sun gear 34 and ring gear 56.

The third planetary gear unit 20 includes sun gears 62, 64,
ring gear 66, carrier 68 connected to output 14, and rela-
tively long planet pinions 70 rotatably supported on carrier
68 1n meshing engagement with the sun gears 62, 64 and ring
gear 66.

The output of the first input clutch 24 1s dniveably
connected by an intermediate shait 72 to sun gear 62. The
output of the second input clutch 26 1s secured by connecting
member 73 to the coupler 28. Sun gears 54 and 64 are
connected mutually by member 74. Carrier 68 1s secured by
member 75 to carrier 42, which 1s secured to ring gear 48.

Coupler 28 releasably engages alternately ring gear 40
and sun gear 38 to produce a drive connection to the second
input clutch 26 through connecting member 73.

Coupler 32 releasably engages alternately sun gear 46 and
carrier 58 to produce a drive connection to sun gear 54.

Sun gear 46 1s secured to a disc 76, which 1s a releasably
engaged by coupler 34 to ground the sun gear 46, 1.¢., to hold
sun gear 46 against rotation on a grounding member 78,
preferably the transmission housing. Ring gear 40 1s drive-
ably connected to carrier 50 by a drum 80, which 1s
releasably engaged by coupler 34, to ground ring gear 40
and carrier 50 against rotation on the grounding member 78.

Coupler 36 releasably engages alternately ring gear 56
and ring gear 66, which 1s secured to carrier 58 by connect-
ing member 82, thereby holding ring gear 56 and ring gear
66 alternately against rotation on the grounding member 78.

A torque path for bypassing the third gear unit 20 and
driveably connecting the mput 12 to the fourth gear unit 22
1s employed 1n reverse speed, third forward speed and fifth
forward speed. When imput 12 1s connected to sun gear 62
in those speeds, the bypass torque path transmits torque from
input 12, input clutch 24, sun gear 62, planet pinions 70, sun
gear 64, and connecting member 74, to sun gear 54.

In operation, the first forward speed ratio 1s produced by
engaging mput clutch 24 and engaging coupler 36 with ring
gear 66, thereby grounding ring gear 66 on the transmission
housing 78. Referring to FIG. 4, with the control elements
disposed 1n this way, input 12 1s driveably connected to sun
gear 62 through shaft 72 and mput clutch 24. A torque
reaction 1s produced at ring gear 66, and the carrier 68 and
output 14 are underdriven in relation to the speed of the
iput 12.

The beta ratios, the ratio of the pitch diameter of the ring
gear to the pitch diameter of the corresponding sun gear, of
the gear units are shown 1n FIG. 2. The corresponding torque
ratio for each of the speed ratios and the steps between the
speed ratios are set forth 1n FIG. 3. For example, when the
beta ratios of FIG. 2 apply to the transmission 10, the torque
ratio for the first forward speed ratio 1s 4.200. While the
transmission 1s operating in the first forward speed, the
transmission 1s prepared for a shift to the second forward
speed ratio by using coupler 34 to engage drum 80, and
using coupler 28 to engage sun gear 38.

An upshift from the first speed to the second speed occurs
by disengaging input clutch 24, engaging nput clutch 26,
and disengaging coupler 36. Referring now to FIG. 5, ring
gear 40 provides a torque reaction because 1t 1s held against
rotation on the grounding member 78. Input 12 drives sun
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gear 38 and carrier 42 1s underdriven 1n relation to the speed
of mnput 12. Member 75 drives carrier 68 and output 14 at the

speed of carrier 42 at a torque ratio of 2.800 using the beta
ratios of FIG. 2.

While operating 1n the second forward speed ratio, the
transmission can be prepared for an upshitt to the third speed
by engaging coupler 36 with ring gear 56. An upshift to the
third speed from the second speed occurs by disengaging
iput clutch 26, engaging input clutch 24, and disengaging
coupler 34. Referring to FIG. 6, input 12 drives sun gear 62
through mtermediate shaft 72, and the put 1s connected
through the bypass torque path to sun gear 54. Ring gear 56
1s grounded providing a torque reaction, and carrier 58
underdrives ring gear 66. The output 1s taken at carrier 68
and output 14 at a torque ratios of 1.960 using the beta ratio

of FIG. 2.

While operating 1n the third speed ratio, the transmission
can be prepared for an upshiit to the fourth speed by
engaging coupler 34 with sun gear 46 though disc 76, and
using coupler 28 to engage sun gear 38. An upshift to the
fourth speed from the third speed occurs by disengaging
input clutch 24, engaging input clutch 26, and disengaging
coupler 36. Referring to FIG. 7, mput 12 1s driveably
connected to sun gear 36 through clutch 26 and coupler 28.
A torque reaction 1s provided at sun gear 46, and the ring
gear, which 1s underdriven, drives output 14 through mem-
ber 75 and carrier 68 at a torque ratio of 1.400 using the beta

ratios of FIG. 2.

While operating 1n the fourth speed ratio, the transmission
can be prepared for an upshiit to the fifth speed by engaging
coupler 32 with carrier 58. An upshiit to the fifth speed from
the fourth speed occurs by disengaging input clutch 26,
engaging input clutch 24, and disengaging coupler 28.
Referring to FIG. 8, mput 12 1s driveably connected to sun
gear 62 through clutch 24 and intermediate shaft 72. The
bypass torque path driveably connects sun gears 62 and 54,
which 1s connected to carrier 58 and ring gear 66 through
coupler 32. Sun gears 66 and 64, and ring gear 66 rotate at
the same speed and direction. Therefore, the third gear unit
20 15 locked-up and drives output 14 at that speed, a direct
drive ratio.

While operating 1n the fifth speed, the transmission can be
prepared for an upshift to the sixth speed by engaging
coupler 34 with sun gear 46 through disc 76, and engaging
coupler 28 with ring gear 40. An upshift to the sixth speed
from the fifth speed occurs by disengaging mnput clutch 24
and engaging input clutch 26. Referring now to FIG. 9, input
12 1s driveably connected to carrier 46 through clutch 26,
coupler 28, ring gear 40, and drum 80. A torque reaction 1s
provided at sun gear 46, and ring gear 48 and output 14 are
over driven due to theirr mutual connection through carrier
68 and connecting member 75 at a torque ratio of 0.776
using the beta ratios of FIG. 2.

Reverse drive 1s produced by engaging mput clutch 24
and disengaging input clutch 26, engaging coupler 34 to
ground carrier 30, and engaging coupler 32 to connect sun
gears 54, 64 with sun gear 46. Referring to FIG. 10, input 12
1s driveably connected through mnput clutch 24 and interme-
diate shait 72 to sun gear 62. The bypass torque path
driveably connects sun gear 62 to sun gear 46 through
coupling 32. A torque reaction 1s provided at carrier 50
through coupler 34. The output of the second gear unit 18,
ring gear 48, 1s underdriven 1n the reverse direction. Con-
necting member 75 drives carrier and output 14 at the speed
of ring gear 48 1n the reverse direction with a torque ratio of
-3.500, when using the beta ratios of FIG. 2.
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The even-numbered speed ratios and reverse drive are
produced 1n gearsets 16 and 18. The odd-numbered speed
ratios are produced in gearsets 20 and 22. When the trans-
mission produces the third and fifth forward speed ratios and
reverse drive, the mput torque, transmitted through input
clutch 24 to sun gear 62, bypasses carrier 68 and output 14,
and 1s transmitted 1nstead from sun gear 62 through planet
pinions 70 and sun gear 64 to sun gear 54.

In accordance with the provisions of the patent statutes,
the principle and mode of operation of this imnvention have
been explained and illustrated 1n its preferred embodiment.
However, 1t must be understood that this invention may be
practiced otherwise than as specifically explained and illus-
trated without departing from its spirit or scope.

What 1s claimed 1s:

1. A multiple speed transmission comprising:

an 1nput;

an output;

a first input clutch driveably connected to the nput;

a second iput clutch driveably connected to the input;

a gear system comprising first, second, third and fourth
planetary gear units, each gear umt including a sun
gear, a ring gear, planet pinions meshing with the sun
gear and ring gear, and a carrier rotatably supporting
the planet pinions, the third gear unit including a
second sun gear meshing with the planet pinions of the
third gear unit;

the carrier of the first gear unit, ring gear of the second
gear unit and carrier of the third gear unit being
mutually driveably connected and secured to the out-
put;

the ring gear of the first gear unit and carrier of the second
gear unit being mutually driveably connected;

the carrier of the fourth gear unit and ring gear of the third
gear unit being mutually driveably connected;

the second sun gear of the third gear unit and the sun gear
of the fourth gear umt being mutually driveably con-
nected;

a first coupler releasably engagable between the second
input clutch and alternately the sun gear of the first gear
umt, and the ring gear of the first gear unait;

a second coupler releasably engagable between the sun
gear of the fourth gear unit and alternately the sun gear
of the second gear unit, and the mutually connected
carrier of the fourth gear unit and ring gear of the third
gear unit;

a third coupler releasably engagable between a ground
member and alternately the ring gear of the fourth gear
unmit, and the mutually connected ring gear of the third
gear unit and carrier of the fourth gear unit; and

a fourth coupler releasably engagable between a ground
member and alternately the sun gear of the second gear
umt, and the mutually connected carrier of the second
gear unit and ring gear of the first gear unit.

2. The transmission of claim 1 wherein a bypass torque
path for bypassing the third gear unit and driveably con-
necting the mput to the fourth gear unit includes:
the first input clutch;
ne first sun gear of the third gear unit;

t
the planet pinions of the third gear unit;
t

ne second sun gear of the third gear unit; and
the sun gear of the fourth gear unait.

3. The transmission of claim 1 wherein a first group of
alternate forward speed ratios and reverse drive are pro-
duced 1 the first and second gearsets.
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4. The transmission of claim 1 wherein a second group of
alternate forward speed ratios are produced 1in the third and
fourth gearsets.

5. The transmission of claim 1 wherein the second input
clutch 1s engaged for operation 1n a first group of alternate
forward speed ratios and reverse drive.

6. The transmission of claam 1 wherein the first input

clutch 1s engaged for operation 1n a second group of alternate
forward speed ratios.

7. The transmission of claim 1 wherein:

the sun gear and second sun gear of the third gear set are
spaced mutually along a longitudinal axis in meshing,
engagement with the planet pinions of the third gear
unit; and

turther comprising:

an mtermediate shaft extending along the axis, driveably
connected to the sun gear of the third gear unit and an
output of the first input clutch; and

a connecting member extending along the longitudinal
ax1s, driveably connected to the ring gear of the second
gear unit and carrier of the first gear unit and driveably
connected to the carrier of the third gear unit 1n an axial
space between the sun gear and second sun gear of the
third gear set.

8. A multiple speed transmission comprising:

an input;

an output;

a first input clutch driveably connected to the input;

a second mput clutch driveably connected to the mput;

a gear system comprising first, second, third and fourth
planetary gear units, each gear unit imncluding a sun
gear, a ring gear, planet pinions meshing with the sun
gear and ring gear, and a carrier rotatably supporting
the planet pinions;

a first coupler releasably engagable between the second
input clutch and alternately the sun gear of the first gear
unit, and the ring gear of the first gear unit;

a second coupler releasably engagable between the sun
gear of the fourth gear unit and alternately the sun gear
of the second gear unit, and the mutually connected
carrier of the fourth gear unit and ring gear of the third
gear unit;

a third coupler releasably engagable between a ground
member and alternately the ring gear of the fourth gear
unit, and the mutually connected ring gear of the third
gear unit and carrier of the fourth gear unait;

a fourth coupler releasably engagable between a ground
member and alternately the sun gear of the second gear
unit, and the mutually connected carrier of the second
gear unit and ring gear of the first gear unit; and

the first and second 1nput clutches and the four couplers
being engaged in multiple combinations to establish
multiple forward speed ratios and one reverse speed
ratio between the input and output.

9. The transmission of claim 8 wherein:

first, third and fifth forward speed ratios are produced 1n
the third and fourth gear units.

10. The transmission of claim 8 wherein:

second, fourth and sixth forward speed ratios are pro-
duced 1n the first and second gear units.

11. The transmission of claim 8 wherein:

second, fourth and sixth forward speed ratios and a
reverse speed ratio are produced in the first and second
gear units.

12. A planetary transmission producing multiple speeds

between an mput and an output, comprising:
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a gear system that includes first, second, third and fourth
planetary gear units arranged along an axis, each gear
umt including a sun gear, a ring gear, planet pinions
meshing with the sun gear and ring gear, and a carrier

gear unit are mutually driveably connected; and

8

the second sun gear of the third gear unit and sun gear of
the fourth gear unit are mutually driveably connected.

15. The transmission of claim 12, further comprising:
a first coupler releasably engagable between the second

r otatal(:ily SUPPO_?iﬂg tcllle Planetﬁpiilions, thef ﬁI{[St alid 5 input clutch and alternately the sun gear of the first gear
second gear units producing a lirst group ol allernate unit, and the ring gear of the first gear unit;
econd group of aternate specds, the firs and seeond | Sccond coupler releasably engagable betwecn the sun
: ear ol the Tourth gear unit and alternately the sun gear
gear qnits being located ax.ially betvifeen the mnput and Ef the second g eagr unit, and the mutu le conne%te d
Lliéhgi;;(}(jfs;gg ii?;ﬁ;%iﬁi?ﬁ; dﬁa;;? afﬁzrg;cgoel?é L0 carrier of the fourth gear unit and ring gear of the third
) _ gear unit;
gor s and s of e g, e o of 0 i coupler sy el et a o
a connecting member driveably connected to the first an(i member and alternately the ring gear of the fourth gear
. . . , unit, and the mutually connected ring gear of the third
Sezo?dt%ear utmtf, to the carrier of the third gear unit, 15 sear unit and carrier of the fourth gear unit; and
and to the output;

a first input clutch selectively driveably connecting and a fourth coupler releasably engagable between a ground
releasing the mput and a component of at least one of member and alternately the sun gear of the second gear
the third and fourth gear units: unit, and the mutually connected carrier of the second

a second 1nput clutch selectively driveably connecting and 20 1 6geTa£‘ unit a“q e gefarlof thfzﬁr;: ghe ar unit. L
releasing the input and a component of at least one of - 1he transmission ol claim 12, Turther comprising:
the first and second gear units; and the thqu gear unit further {nc?ludes a secqnd sun. gear

an intermediate shaft driveably connected to an output of mesh%ng with the planet pinions of the third gear unit;
the first input clutch and the sun gear of the third gear the carrier of the first gear unit, ring gear of the second
unit. 75 gear unit and carrier of the third gear unit are mutually

13. The transmission of claim 12, further comprising an driveably connected and secured to the output;

intermediate shaft driveably connected to an output of the the ring gear of the first gear unit and carrier of the second
first input clutch and the sun gear of the third gear unit, and gear unit are mutually driveably connected;

wherein; the carrier of the fourth gear unit and ring gear of the third
the third gear unit includes a second sun gear spaced 30 gear unit are mutually driveably connected;

axially from the sun gear of the third gear unit; the second sun gear of the third gear unit and sun gear of

the first and second gear units are located axially between the fourth gear unit are mutually driveably connected;

b et oot gl | it copler sty ogsale bt scond
the first and second gear units and ahead of the output: 33 input clutch and alternately the sun gear of the first gear

" 1t d the r1 f the first 1t

the carrier of the third gear unit 1s driveably connected to FHE, Gl e Hilg peal 01 He TSt gt B
the output; and a second coupler releasably engagable between the sun

the connectiilg member 1s driveably connected to the gear of the fourth gear 1:1nit and alternately the sun gear
carrier of the third gear unit axially between the sun of ﬂ.le second gear uni, agd the plutually connect‘ed
gear of the third gear unit and the second sun gear of the 40 CATHIeT Of the fourth gear unit and ring gear of the third
third gear unait. gc—j-ar UL,

14. The transmission of claim 12, wherein: a third coupler releasably eng{agable between a ground

the third gear unit further includes a second sun gear member and alternately the ring gear of the fourth gear
meshing with the planet pinions of the third gear unit; unit, anfl the mutu‘ally connected ring gear _Of the third

the carrier of the first gear unit, ring gear of the second 45 gear unit and carrier of the fourth gear unit; and
gear unit and carrier of the third gear unit are mutually a fourth coupler releasably engagable between a ground
driveably connected and secured to the output; me-:mber and alternately the sun gear of the second gear
the ring gear of the first gear unit and carrier of the second unit, Elllfi the Ill_ll‘fllally connected carrier Of. the second
gear unit are mutually driveably connected:; gear unit and ring gear of the first gear unit.
the carrier of the fourth gear unit and ring gear of the third 50
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